1 2 Dark exposure (DE) followed by light reintroduction (LRx) reactivates robust synaptic 3 plasticity in adult mouse V1, which allows recovery from amblyopia. Previously we 4 showed that LRx-induced perisynaptic proteolysis of extracellular substrates by MMP9 5 mediates the enhanced plasticity in binocular adult mice (Murase et al., 2017) . 6
Introduction 16 17
An imbalance in the quality of visual inputs between the two eyes during development 18 induces amblyopia, a developmental disorder affecting up to 4% of the world's 19 population (Levi et al., 2015) . In animal models, prolonged monocular deprivation 20 induces severe amblyopia, characterized by a significant decrease in the strength and 21 selectivity of neuronal responses in the deprived visual cortex (Harwerth et al., 1983 ) 22 (Montey et al., 2013) (Fong et al., 2016 ) and a significant loss of spatial acuity through 23 the deprived eye (Wiesel and Hubel, 1963) (Harwerth et al., 1983) (Liao et al., 24 2011) (Montey et al., 2013) . In rats, spatial acuity in the deprived eye is undetectable 25 following cMD initiated at eye opening (Eaton et al., 2016) . Additionally, following 26 prolonged monocular deprivation, neurons in the dorsal lateral geniculate nucleus 27 (dLGN) that project to deprived binocular visual cortex have lower metabolism (Kennedy 28 et al., 1981) and smaller somata (Duffy et al., 2018) . Chronic monocular deprivation 29 (cMD) also significantly decreases the density of dendritic spines on pyramidal neurons 30 in deprived V1b (Montey and Quinlan, 2011) and results in a 60% decrease in the 31 thalamic component of the visually evoked potential (VEP, ( Montey and Quinlan, 32 2011)). 33
34
The loss of synaptic plasticity in the primary visual cortex with age is thought to 35 significantly impede the reversal of amblyopic deficits (Tailor et al., 2017) . Strong 36 evidence demonstrates that developmental changes in the expression of ocular 37 dominance plasticity are regulated by the maturation of fast-spiking basket interneurons 38 Manipulations that reduce the integrity of the ECM/PNNs have been repeatedly shown 55 to enhance plasticity in V1 and elsewhere. Treatment of adult V1 with the bacterial 56 enzyme chondroitinase ABC (ChABC), which cleaves CS side chains from the CSPGs 57 of the ECM, reactivates robust ocular dominance plasticity in rats (Pizzorusso et al., 58 2002) (Pizzorusso et al., 2006) . However, recovery from MD is incomplete in cats that 59 receive chABC following eye opening (Vorobyov et al., 2013) . Enhancement of synaptic 60 plasticity following ChABC treatment has also been demonstrated in many other brain 61 2016). A similar reactivation of plasticity by DE has been reported in several species 85 (Duffy and Mitchell, 2013) (Stodieck et al., 2014) (Murase et al., 2017) . However, it is not 86 known if the reactivation of plasticity in the amblyopic cortex is dependent on MMP9 87 activity or if this pathway can be engaged by the severely compromised visual system of 88 an amblyope. Here we use a biomarker that reports the activity of MMP2/9 in vivo to 89 examine the effects of DE/LRx on extracellular proteolysis in amblyopic mice. We show 90 that DE lowers the threshold for activation of MMP2/9 by light, such that LRx to the 91 deprived eye is sufficient to induce perisynaptic proteolysis at thalamo-cortical synapses 92 and ECM degradation in deprived visual cortex. 93 increase in biomarker expression in MMP9 -/mice (Murase et al., 2017) . The MMP2/9 106 biomarker was delivered to V1 in vivo 24 hr prior to the onset of LRx (2 mg/ml, i.c. via 107 cannula implanted 3 weeks prior to injection; 4 μl at 100 nl/min) and biomarker 108 expression was quantified in layer 4 of V1b 4 hours after LRx. Ex vivo imaging revealed 109 punctate MMP2/9 activity in the deprived and non-deprived V1b (Fig. 1A ) that was 110 similar in size, density and fluorescence intensity as we previously described in 111 binocular adult mice (Murase et al., 2017) . Importantly, no differences were observed 112 following cMD between deprived and non-deprived V1b biomarker puncta size 113 
Results

DE regulates threshold for perisynaptic MMP2/9 activation 218
Our previous work demonstrated that MMP2/9 activity is low in the adult visual cortex, 219
suggesting that ambient light is insufficient to drive activation in V1 (Murase et al., 220 2017). The robust induction of MMP2/9 activity by reintroduction to ambient light, 221 therefore, suggests that DE may lower the threshold for MMP2/9 activation. To test this 222 prediction, we used two-photon live imaging of the MMP2/9 biomarker in awake 223 binocular mice. In these experiments, visual deprivation must be maintained during i.c. 224 delivery of the MMP2/9 biomarker and during two-photon imaging of the DE visual 225 cortex. To achieve this, we designed a novel imaging chamber containing an aperture 226 for the placement of the objective on the cranial imaging window without light exposure 227 was similar to that observed following higher intensity light stimulation (150,000 cd/m 2 , 249 equivalent to direct sunlight at noon; One-way ANOVA, F(2, 40)=6.3, p=0.0042, n=12, 12, 250 19 puncta from 3 subjects each, for 0, 300, 150,000 cd/m 2 , respectively; Fig. 5E ). 
Virus injection and cranial window Implantation 470
For two-photon imaging in awake mice, GFP was expressed in excitatory neurons in 471 A cranial window consisting of 2, 3-mm diameter coverslips glued with optical adhesive 477 (Norland71, Edmund Optics) to a 5-mm diameter coverslip was implanted as described 478 (Goldey et al., 2014) . Cannulae (2 mm projection, PlasticsOne) were implanted lateral 479 to the imaging window. The gap between the skull and glass was sealed with silicone 480 elastomer (Kwik-Sil). Instant adhesive Loktite 454 (Henkel) was used to adhere an 481 aluminum head post to the skull and to cover the exposed skull. Black dental cement 482 (iron oxide power, AlphaChemical mixed with white powder, Dentsply) was used to coat 483 the surface to minimize light reflections. Subjects were imaged after 2-3 weeks of 484 recovery. 485 486
Two-photon imaging 487
Awake subjects were clamped into a holding tube via a head post and placed in the 488 dark imaging chamber. Prior to imaging session, the subjects were placed in the holding 489 tube at least twice for 30 min each time for habituation. A two-photon microscope 490 GCaMP=490 nm, for mRuby=558 nm, (Rose et al., 2016) ), in order to simultaneously 495 excite GFP and A580 (Ex max for GFP=490 nm, for A580=547 nm). Fluorescence 496 emission was separated into two channels using a dichroic mirror (cut off at 562 nm) 497 and directed to separate GaAsP photomultiplier tubes (Hamamatsu) to capture GFP 498 and MMP2/9 biomarker signals. Emission filters were placed in front of the PMTs 499 (525±25 nm for green, >568 nm for red). The field of view was 186.5 µm x 186.5 µm 500 (512x 512 pixels), 150 to 250 µm from the brain surface. Minimum laser power (59 mW) 501 and PMT gain (60 for green, 100 for red) necessary to image at this depth was used. 502
We confirmed no photobleaching by imaging. With this setting, the bleedthrough from 503 GFP to the red channel was negligible. The same laser power and gain was used for all 504 experiments. Images were acquired at 30 Hz by bidirectional scanning. After control 505 images were acquired in the absence of light stimulation, visual stimulation was 506 delivered at 300 cd/m 2 or 150,000 cd/m 2 at 1 Hz by a 470 nm LED placed 8 cm from 507 subject's eyes inside the dark imaging chamber. Luminance measurement was 508 performed with Luminance meter nt-1° (Minolta). Movement artifacts were corrected 509 with TurboReg plugin in FIJI using the same settings for all experiments with the 510 average intensity of full image stack of GFP fluorescence was used as a template. 511
Mean intensities of MMP2/9 biomarker puncta (30 frames) were analyzed with FIJI in 512 circular regions with no background subtraction. Baseline F for DF/F was fluorescence 513 at t=0. 514 515
Western blot analysis 516
Mice were anesthetized with isoflurane (4% in 100% O2) and sacrificed following 517 decapitation. The primary visual cortex was rapidly dissected in ice-cold dissection 518 buffer (212.7 mM sucrose, 2.6 mM KCl, 1.23 mM NaH2PO4, 26 mM NaHCO3, 10 mM 519 dextrose, 1.0 mM MgCl2, 0.5 mM CaCl2, 100 μM kynurenic acid; saturated with 95% 520 O2/5% CO2). V1b was isolated using the lateral ventricle and dorsal hippocampal 521 commissure as landmarks. Tissue was homogenized using a Sonic Dismembrator 522 We thank Andrew Borrell for illustration in Fig. 5A . 539 
Figure legends
